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Dielectric Characteristics of the Polymers Containing Nano-size Conductive Carbon
Black Powders

Woo-Seok Chin’, Dai-Gil Lee”

ABSTRACT

The electromagnetic (EM) absorption or shielding characteristics of a material is an important issue not only
for military purpose but also for commercial purposes such as radar, electric or telecommunication devices. In
order to design the effective electromagnetic wave absorber, the electromagnetic characteristics of the
constituents of the material should be available in target frequency band. Also, it must be possible to predict
the electromagnetic properties of absorbers with respect to the content of lossy ingredients. In this study, the
dielectric properties of unsaturated polyester resins containing nano-size conductive carbon black powder were
measured with a free space method in the X-band frequency range and analyzed with respect to the content of
carbon black. Finally, the method for estimating the dielectric properties of polymeric resin containing
conductive carbon black with respect to the EM frequency was developed and verified.
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Key Words: 73} 3) ¥ (stealth), X3} & 47 ZA(radar absorbing structures, RAS), -F A & (permittivity), ¥4 (dielectric
constant), <=4 A7 3k(loss tangent), A3t 71¥(Free space method), 7HE &3 = ) AH(nano-size
carbon black), WHAFE 2 (reflection loss).
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Table 1 General properties of the carbon black (Ketjen Black EC300J)
Properties Values
Surface area (‘BET) (m’/g) 950
Particle size (nm) 37 nm
*DBP absorption (ml/100g) 360
pH 9
Volatile content (%) 0.5
Ash content (%) 0.05

a: Method for analyzing the specific surface area of powder, which
was developed by Brunauer, Emmett, and Teller
b: Dibutyl phthalate

Table 2 Material properties of the cured unsaturated polyester resin (P670)

Property Value
Flexural strength (MPa) 104
Flexural stiffness (GPa) 3.9
Tensile strength (MPa) 54
Tensile modulus (GPa) 4.1

Tensile strain (%) 1.5

* Curing conditions: MEKPO (of 55% peroxide) 1 % + Co-Naph (6
%) 0.1 %, Room temp. for 24 hours, then 60°C for 5 hours
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Fig. 1 TEM photographs of the carbon black powder used in this
study.

(a) upper mold (b) lower mold

Fig. 2 Mold for fabricating the polymer/carbon black composite
specimens for free space measurement.
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(a) Schematic configuration of the system

(b) Photographs of the system

Fig. 3 Free space measurement system for characterization of
electromagnetic properties of matenials.
W walol govh AFTZ MY 4% AHe Aol
&3 aslu14).
B 47edM A" AREt SAAZFHHVS
Technologies, Pennsylvania, USA)2 3+ o] AWUst & dl=

el (EAte Y, FALEheE Al &H(holder),
Hewlett-Packard 8510C H#A17], dloly] 5L 93 HF

Hz FAHY, 2 AFH9) FHEE Fig 37 2 ¢
M7lE AR AlHe] At@A|4(S-parameter  or
scattering parameter)E 5 43l= d AlEEs, 4% At
AFZFE A5 AAZIEAE 4T 4 dd. A5
AANER E3E A8 A/H3A71He AHe 7zt
ol A whAlsl= 3] of SK(diffraction effect)™ F o) E
oteju} Alole A} wABsl= vhE WEAR(multiple reflection)®
A8 EHAI AXE EAPE 2 JU{15]. £ A
Al2=¥l 2 3ol og & 39_7473: el7] Asl, Table 37
2o AR Spot-focusing & A= el AM2-3he)

Fig. 49} #o] @ZETH ZAANF = 305 mm)WHF
Hold sle HellA #st FH dplane wave)7} TS| A
B2, A =77 2FHAY 3 dB WE(10 GHzolA
30 mm)BET} 38) o] ZW AlA spgAE e TSt
sde e AAZ + oH4, 16, B AT

i 2

Table 3 Specifications of transmit-receive spot-focusing hom lens antennas

Item Specifications

Type of antennas Spot-focusing horn lens

Type of lens Plano-convex dielectric lens

305 mm
X-Band (8.2 ~ 124 GHz)

Diameter of lens

Frequency range

Bistatic angle 37 ~ 65° (off-normal angle)

. . 1 wavelength
Spot width at the 3 dB points (30 mm at 10 GHz)
Focal distance 305 mm

10 wavelengths

D
epth of focus (300 mm at 10 GHz)
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Fig. 4 Plane wave nature of electromagnetic fields in the spot-focusing
hom lens antennas,
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Fig. 5 Variation of the relative complex permittivity of unsaturated
polyester resin with respect to the EM frequency.
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Fig. 6 Variation of the complex relative permittivity of the polyester/
carbon black composite with respect to the weight fraction of
carbon black and the EM frequency.
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Table 4 Values of the slopes, dielectric constants and loss tangents
Variation of Slope a w.r.t. Frequency of polyester resin obtained for various frequencies
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- |
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R® = 0.98765 10.6 133.2 15.6 2.927 0.0151
60 1.2 129.3 15.1 2915 0.0147
40 11.8 1254 14.8 2.897 0.0148
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erx(fs O=a(f)xx+& ¢'(f) (8)
Frequency (GHz)
(a) slope a for the linear inc t of the tri tant wndy(f, %) =b(f)xx-+tandp(f) ©)
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Fig. 9 Vanation of the slopes a and b of polyester/carbon black

composites with respect to the EM frequency.
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Fig. 10 Variation of the complex relative pemittivity of epoxy resin
(E-Z Poxy) with respect to the EM frequency.
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Fig. 11  Variation of the slopes a and b of epoxy/carbon black
composites with respect to the EM frequency.
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Fig. 12 C of the d plex relative permittivity of

the époxy/calbon black composite with 0.01 wt of carbon
black with that obtained from the prediction formula.

Table 5 Matenial properties of the epoxy resin (E-Z Poxy)

Property Value
Type 2-part epoxy system
Base resin E-Z 10 epoxy resin
Hardener E-Z 83
Mixing ration (weight) 100 : 44

Mixed viscosity {cPs) 1300 at 25°C

Pot life about 2 hours
Specific gravity 1.14
Tensile strength (MPa) 69
Tensile modulus (GPa) 3.3
Glass transition temperature (°C) 91

*Curing conditions: Room temp. for 24 hours, then 66°C for 2 hours
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Fig. 13 Comparison of the measured reflection loss of the epoxy/
carbon black composite with 0.01 wt of carbon black with
that obtained from the prediction formula.
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